Emission from metal resonant lines has recently emerged as a potentially powerful probe of the structure of galactic winds at low and high redshift. In this work, we present only the second example of spatially resolved observations of Na I D emission from a galactic wind in a nearby galaxy (and the first 3D observations at any redshift). F05189−2524, a nearby (z = 0.043) ultraluminous infrared galaxy powered by a quasar, was observed with the integral field unit on the Gemini Multi-Object Spectrograph (GMOS) at Gemini North. Na I D absorption in the system traces dusty filaments on the near side of an extended, AGN-driven galactic wind (with projected velocities up to 2000 km s −1 ). These filaments (A V 4 and N (H) 10 22 cm −2 ) simultaneously obscure the stellar continuum and Na I D emission lines. The Na I D emission lines serve as a complementary probe of the wind; they are strongest in regions of low foreground obscuration and extend up to the limits of the field of view (galactocentric radii of 4 kpc). An azimuthally symmetric Sérsic model extincted by the same foreground screen as the stellar continuum reproduces the Na I D emission line surface brightness distribution except in the inner regions of the wind, where some emission-line filling of absorption lines may occur. The presence of detectable Na I D emission in F05189−2524 may be due to its high continuum surface brightness at the rest wavelength of Na I D. These data uniquely constrain current models of cool gas in galactic winds and serve as a benchmark for future observations and models.
INTRODUCTION
Absorption-line probes of galactic winds are now a ubiquitous tool for studying their properties (Veilleux et al. 2005) . The suite of metal resonant line transitions in the optical and UV are a particularly powerful tool for finding outflows in the nuclear spectra of galaxies at both low z (e.g., Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005b Martin 2005) and high z (e.g., Shapley et al. 2003; Weiner et al. 2009; Rubin et al. 2010; Martin et al. 2012) . Spatially-resolved observations of these lines have recently enabled better constraints on the properties of the cool gas phase of galactic winds in nearby systems (Shih & Rupke 2010; Rupke & Veilleux 2011 , 2013b .
Redshifted emission from these same transitions has been found in stacked spectra at low and high redshift (Shapley et al. 2003; Weiner et al. 2009; Rubin et al. 2010; Chen et al. 2010; Erb et al. 2012; Kornei et al. 2013) , as well as in a handful of individual spectra (Martin & Bouché 2009; Rubin et al. 2011; Martin et al. 2013 ). This emission is scattered into the line of sight by the outflow due to the fact that the absorption and re-emission occur at the same wavelength. Resonant line emission from cool gas in galactic winds should be a readily observable feature of these winds in the absence of significant dust or strong collimation . The properties of this emission can be used to constrain the wind density and geometry.
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However, only one case of spatially-resolved resonant emission from a galactic wind has been found in the nearby universe (Phillips 1993) , despite the large number of nearby outflows that show resonant absorption. NGC 1808 is a nearby early-type spiral inclined 57
• to the line of sight with long dust filaments extending from the nucleus (Phillips 1993 , and references therein). Phillips (1993) discovered that the dusty filaments on the near side of a nuclear, bipolar outflow show blueshifted Na I D absorption at projected galactocentric radii of 2 kpc, while redshifted Na I D emission lines emerge behind the disk on the far side of the outflow.
Deep observations of two galactic winds at z = 0.7−0.9 also show spatially resolved Mg II 2796, 2800Å emission at ∼10 kpc projected radii Martin et al. 2013 ). These two systems are blue star forming galaxies that show blueshifted absorption and redshifted emission, similar to NGC 1808 but on larger scales.
The nearby (z = 0.043) galaxy F05189−2524 is an ultraluminous infrared galaxy (ULIRG) with a Seyfert 2 optical spectral type (Veilleux et al. 1999a) . It is one of the nearest and brightest ULIRGs, and reveals a hidden broad line region in the near-IR (Veilleux et al. 1999b) . Approximately 70% of the bolometric luminosity of F05189−2524 arises from an AGN (Veilleux et al. 2009) , meaning that the AGN in this system exceeds the quasar threshold in luminosity (∼10 45 erg s −1 ). It has a high-velocity outflow, as seen in neutral, ionized, and molecular gas (Rupke et al. 2005a ; Westmoquette et al. 2012; Veilleux et al. 2013 ). F05189−2524 was observed as part of an integral field spectroscopic survey of nearby major mergers and quasars to study AGN feedback (Rupke & Veilleux 2011 , 2013b Rupke et al. 2014, in prep.) . Rupke et al. (2005a) reported that this galaxy shows extended Na I D emission in long-slit spectra. Here we present integral field observations that show the distribution of resonant line emission and absorption in this system. This is only the second known example of such emission in the local universe, and as such serves as a benchmark for models and observations, both past and future.
In Section 2 we present the observations and our methods of data reduction and analysis. We discuss the equivalent width, Na I D emission line flux, and velocity measurements in Section 3. We connect the dust obscuration of the stellar continuum to both the column of neutral Na and the emission line flux, and introduce possible wind structures to explain the Na I D emission. In Section 4 we outline our preferred model for the Na I D emission and discuss emission line filling, as well as considering the detectability of Na I D emission in galactic winds. We summarize in Section 5. Throughout the paper we assume H 0 = 73 km s −1 Mpc −1 , Ω m = 0.27, and Ω Λ = 0.73, yielding 0.88 kpc arcsec −1 at the redshift of F05189−2524 (z = 0.0428).
F05189−2524 was observed with the Integral Field Unit in the Gemini Multi-Object Spectrograph (GMOS; Allington-Smith et al. 2002; Hook et al. 2004 ) on the Gemini North telescope. The integral field unit was used in 1-slit mode with the B600 grating, yielding wavelength coverage from 4600 to 7400Å and a spectral resolution of 1.6Å at 6000Å. The Gemini IRAF package (v1.12) and IFSRED 1 was employed to reduce the data. (See Rupke & Veilleux 2013b for more details on the data reduction.) Seven dithered 30-minute exposures were combined to yield a field of view (FOV) of 5. 6×5. 4, and the data was resampled to square spaxels of side 0. 2. The median seeing was 0. 6. Figure 1 shows Hubble Space Telescope (HST) Advanced Camera for Surveys (ACS) three-color images constructed from F814W and F435W exposures. It also presents the IFS continuum integrated between 5600 and 6400Å, compared to a smoothed and rebinned average of the F435W and F814W images.
The continuum and emission lines in each spaxel were modeled using IFSFIT 2 . In brief, IFSFIT masks emission line regions, fits the continuum using PPXF (Cappellari & Emsellem 2004) , and then simultaneously fits all emission lines in the continuum-subtracted spectrum. PPXF yields an accurate stellar redshift in each spaxel based on the entire continuum. The range 4600 − 7100Å was fit, which contained the absorption and emission lines of interest. A linear combination of stellar templates from González Delgado et al. (2005) yielded a good fit to the continuum of F05189−2524. Subtraction of this continuum included subtraction of the stellar component of Na I D; this stellar contribution was much smaller than the interstellar absorption and emission lines in all spaxels. Emission lines were modeled with 1-3 Gaussian velocity components. Further details of the emission-line fits for this object will be discussed in a forthcoming paper on outflows in a sample of quasars (Rupke et al. 2014, in prep.) .
The Na I D doublet in this galaxy shows absorption, emission, or both across the entire field of view. An empirical and a fit-based approach were employed to measure the properties of the lines.
For the empirical method, the data (signal) and error (noise) spectra were boxcar smoothed using a kernel with FWHM equal to the spectral resolution (Cooksey et al. 2008) . Regions where |signal/noise| > 1.6 were identified as absorption or emission lines detections; the threshold was determined by visual examination of the detection boundaries. The resulting maps of equivalent widths, signal-to-noise ratios (SNRs), and emissionline surface brightnesses (all from direct integration) are shown in Figure 2 .
The fitting method required careful treatment of the emission and absorption lines. The emission lines were assumed to each consist of a single, Gaussian velocity component. The flux ratio in the doublet lines can vary between the optically thick (I em 5890 /I em 5896 = 1) and thin limits (I em 5890 /I em 5896 = 2.01, equal to the optical depth ratio of the two lines). However, the line ratio is difficult to independently constrain in many spaxels. In spaxels with the highest SNR, the lines are broad and fits with a given line ratio are statistically indistinguishable from others due to the close separation of the two lines (304 km s −1 ). In spaxels with low-to-moderate SNR and adjacent absorption, the chance of absorption mixing with line emission could lead to an underestimate of the flux ratio, since the mixing would preferentially lower the SNR of the 5890Å line (see § 4.1 for more discussion of emission line filling).
The best spaxels for determining the intrinsic line flux ratio are therefore those with narrow line widths and pure emission. In the current data, these regions occur primarily in the northeast and northwest regions of the FOV. In the NE and NW, two regions were identified, each of 25 − 26 adjacent spaxels which had wellconstrained emission line ratios. The median best-fit σ in these spaxels is 62 km s −1 , and the median emissionline SNR of the equivalent width is 10.5. The median best-fit line ratio is 1.00, and Monte Carlo simulations of the errors yielded a median 68% (95%) confidence level of I em 5890 /I em 5896 < 1.14(1.55). Based on these results, the flux ratio for all other spaxels was fixed to the optically thick case (I em 5890 /I em 5896 = 1). The absorption line fitting followed Rupke et al. (2005b) , which assumes a Gaussian in optical depth and allows for a non-zero (but constant) covering factor in each velocity component. The absorption lines in F05189−2524 clearly require two velocity components in most of the spaxels with SNR 15 (Figure 3 ). In spaxels with lower SNR, two components did not yield a well-constrained fit, and only one component was used.
The fits tended toward one of two solutions: an optically thick (τ 5890 ∼ 2) fit with covering factor C f ∼ 0.2, and an optically thin (τ 5890 ∼ 0.1) fit with C f = 1.0. The one-component fits (which also had lower SNR) tended to yield lower total optical depths than the two-component fits. We argue in Section 3.1 that the high-τ fit is generally the correct one.
Accurately measuring the properties of the Na I D absorption on the blue edge of the feature requires accurate modeling of the He I 5876Å emission line in spaxels where it is present. Emission line fits to He I 6678Å were used to constrain the properties of He I 5876Å emission. He I lines in F05189−2524 are broad and blueshifted, and the 6678Å line was fit with a single Gaussian in the central spaxels (it was too weak at larger galactocentric radii). The central wavelength and line width of the 5876Å line were fixed to those of 6678Å, while its peak flux was allowed to vary. Detected He I 5876Å emission is confined to radii of three spaxels or less.
In ∼30% of spaxels containing the Na I D line, both absorption and emission are obviously present. The two are adjacent in wavelength space in these spaxels, with the absorption line blueshifted from the stellar continuum and the emission line near systemic or redshifted. Modeling the absorption and emission lines simultaneously leads to significant degeneracy in the best fit, since increasing the emission line flux and shifting it to the blue can be compensated for in the fit by increasing the absorption line equivalent width and shifting it to the red. To model the Na I D in these spaxels, the emission and absorption lines were thus fit separately. The feature boundaries determined from the empirical method were used to first fit the emission line only using data redward of the absorption line. The emission line properties were then fixed in the absorption line fit.
As a result of this method, it is possible that the emission line equivalent widths are underestimated and that their measured line centers are shifted redward of the true line centers. Correspondingly, the absorption line equivalent widths could be underestimated and the measured line centers shifted blueward. This effect is explored in § 3.2 and 4.1.
Examples illustrating the range of fit types are shown in Figure 4 . Errors in fit parameters and equivalent widths were determined using Monte Carlo methods (Rupke et al. 2005b) .
The maps of fit-based equivalent widths and emissionline surface brightnesses, as well as comparisons of the two methods, are shown in Figure 5 . There is excellent correspondence between the empirical and fitting methods. The fitting method allows better deblending of emission and absorption, and as a result yields slightly higher absorption line equivalent widths (typically 0.5Å, though the difference is higher near the nucleus where He I 5876Å is strong).
RESULTS
This section presents physical quantities inferred from the Na I D fits, including gas column density and velocity. It also quantifies the connection of the absorbing and emitting gas to optical obscuration and compares the emission line velocities to other profile properties. The mass outflow rate and energetics of the wind will be presented in a future paper in the context of a larger sample of quasars with outflows (Rupke et al. 2014 , in prep.).
Dusty Absorption and Obscured Emission
Correlations exist between cool gas absorption and dust attenuation in nuclear spectra of galaxies (Veilleux et al. 1995; Heckman et al. 2000) as well as within individual galaxies (Shih & Rupke 2010; Rupke & Veilleux 2013b) , tracking the correlations seen in interstellar sightlines in the Milky Way (Hobbs 1974; Munari & Zwitter 1997; Vergely et al. 2010) . Filametary dust structures in fact cover the nuclear region of F05189−2524 in optical images, causing variation in the emergent optical continuum colors. Figure 6 shows HST ACS (B − I) color maps constructed from F814W and F435W exposures (see Surace et al. 1998 for similar WFPC2 color maps).
The HST data that is convolved to the ground-based spatial resolution show a range in F 435W −F 814W (AB) colors of 0.8 − 1.8. The higher resolution data show a slightly larger range, of 0.6 − 2.5, with the upper limit occurring near the nucleus and the lower limit in the blue region 1 kpc W of the nucleus. Given the ongoing star formation (Sanders & Mirabel 1996) and metallicities (Rupke et al. 2008) in ULIRG nuclei, the underlying stellar population at optical wavelengths can be approximated as a solar metallicity continuous burst. Such a burst has (B − I) AB ∼ 0.0 after ∼10 7 yr (Leitherer et al. 1999) . Using the starburst attenuation curve of Calzetti et al. (2000) with R V = 4.05, the HST color ranges then correspond to A V = 1.2 − 2.8 (convolved) and 0.9 − 3.9 (unsmoothed), which are typical of ULIRG nuclei (Veilleux et al. 1999a ). These A V correspond to optical depths of 1 − 4 at the rest wavelength of Na I D.
Based on stellar modeling including B, I, and U -band observations (Surace & Sanders 2000) , as well as the However, W abs eq is an empirical quantity that does not have a one-to-one relationship with column density, particularly in the presence of partial covering of the absorbing gas. The analytic fits to Na I D absorption in principle accurately separate covering factor and optical depth and allow the calculation of hydrogen column density. Assuming Galactic conditions for ionization, metallicity, and dust depletion, the absorption optical depth and line width are directly related to total N (H) (Rupke et al. 2005b) .
If the (B − I) colors represent dust attenuation of a single underlying stellar population, the column density of hydrogen that is along the line of sight in each spaxel (and is associated with the continuum-absorbing dust) can be also inferred by applying a dust-to-gas ratio to the attenuation inferred from the stellar color. Figure 8 shows that, within the measurement uncertainties, the two-component fits do a remarkable job of matching the dusty gas column for a Galactic dust-to-gas ratio of N (H)/A V = 1.8 × 10 21 cm −2 (Predehl & Schmitt 1995) . The one-component fits, on the other hand, for the most part fall below the column density expected from the observed color by factors of 10. These fits are primarily in the low-SNR outskirts of the absorbing region ( Figure  3 ), and favor a τ 5890 ∼ 0.1, C f ∼ 1.0 fit to Na I D vs. the τ 5890 ∼ 2, C f ∼ 0.2 fit that emerges with better SNR and two components. The logical inference is that the onecomponent fits underestimate the true column density in the absorbing gas, and that higher SNR at these locations would yield the correct optical depth and covering factor (τ 5890 ∼ 2 and C f ∼ 0.2). However, emission line filling could also affect the fits in these spaxels ( § 4.1).
This physical correspondence between the column densities of neutral, outflowing gas and optical continuum attenuation has several possible consequences, all of which can be inferred from the current data but which need further confirmation with other data to be more generally applicable. (1) The apparent W abs eq -color correlation in the absorbing gas is deceptive (Figure 7) . The physical correlation observed in the two-component fits in Figure 8 is more fundamental and less obvious. (2) Correlations between W abs eq and galaxy color have been previously used to argue that the neutral, outflowing gas probed by Na I D in dusty active galaxies is also dusty (Veilleux et al. 1995; Heckman et al. 2000; Shih & Rupke 2010; Rupke & Veilleux 2013b) . However, these conclusions need to be revisited and better quantified using high SNR measurements of Na I D. (3) Accurate measurements of N (H) in these galaxies requires SNR 15 in the equivalent width ( Figure 3) . (4) The Na I D column densities reported from fits to high SNR nuclear spectra are reasonably accurate (e.g., Heckman et al. 2000; Rupke et al. 2005c,a; Rupke & Veilleux 2011 , 2013b . This implies furthermore that the Galactic conditions used to calculate N (H) (Rupke et al. 2005b ) are close to the conditions in the cool, foreground gas of dusty outflows in active galaxies. (5) The filamentary continuum structures observe in optical HST images of ULIRGs are intimately connected with the outflows in these systems. This idea is explored further in § 4.1.
If the dusty outflow attenuates the stellar continuum, it should also attenuate the Na I D emission line flux, as suggested by the strong correlation between the two (Figure 7 ). It will not, however, affect the emission line equivalent width if it is a screen in front of both the line emission and stars, since it will attenuate both equally. eq and color suggests a connection between dust and cool, neutral gas. The correlation between I em and color (but not W em eq and color) suggests that dust regulates the flux ( § 3.1). This is consistent with the lack of correlation between F 435W − F 814W and W em eq . In § 4.1, a possible model for the Na I D line emission from the wind is presented.
Outflow Velocities
The absorption-line velocities in nuclear spectra of ULIRGs show high blueshifts with a detection rate of 80%, which has been interpreted as evidence for ubiquitous outflowing gas (Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005c Martin 2005) . These neutral outflows have The lines assume that the stellar color primarily reflects dust attenuation, and this fact is used to estimate N (H) from the color given a plausible stellar population, a starburst attenuation curve (Calzetti et al. 2000) , and a Galactic dust-to-gas ratio (Predehl & Schmitt 1995) ( § 4.1) . The discrepancy between one and two component fits reflects the inability of the one component, lower SNR spaxels to simultaneously constrain the covering factor and optical depth.
higher velocities in galaxies hosting strong AGN (Rupke & Veilleux 2013b) , an effect that is also seen in the molecular (Veilleux et al. 2013; Cicone et al. 2014 ) and ionized (Westmoquette et al. 2012; Rupke & Veilleux 2013b; Arribas et al. 2014 ) gas phases. Since F05189−2524 is a ULIRG powered by a powerful quasar, high-velocity outflowing gas in the neutral gas phase should be observed. However, the highest projected outflow velocities are typically observed outside of the nuclear line of sight (Rupke & Veilleux 2013b) .
The velocities of resonant line emission due to outflows in ULIRGs are unknown. Observations of two highredshift galaxies with strong, extended Mg II 2796, 2800 A emission both reveal emission lines slightly less offset from systemic than the corresponding absorption lines. in absorption and 110 km s −1 in emission (though in this study the absorption line velocity was derived from rest-frame UV Fe II lines). Models predict smaller absolute velocity shifts of emission lines than absorption lines in a given resonant transition . For spherically-symmetric outflow models, the emission line profile is created by multiple absorptions and emissions throughout the nebula, and the integrated emission more closely reflects the average dynamics of the entire outflow. However, it is still redshifted because bluer photons are absorbed by the outflowing regions on the near side of the galaxy .
To parameterize the neutral gas velocities using the fits, each component was considered separately and v 50% (the center of the analytic profile) and v 98% = v 50% ± 2σ (+ for emission, − for absorption) were calculated. The empirical method for constraining Na I D also yields velocity information, and for the absorbing gas this broadly matches the fit results. However, the empirical emission line velocities are noisy due to the low SNR. The fits can also decompose the profile properly into the two doublet components. The empirical measurements do not distinguish between the doublet components except on the profile edges, and thus introduce a velocity uncertainty. Figures 9 and 10 display maps and histograms of the spatially-resolved velocity distributions in F05189−2524.
The absorption line velocities are everywhere blueshifted, and in both components they peak in a ridge running 1 kpc E of the nucleus to 1 kpc S of the nucleus, coincident with the peak in the total equivalent width. The linewidth in the broad component reaches σ > 500 km s −1 , leading to peak velocities of almost −2000 km s −1 . These velocities are higher than any measured to date in the neutral phase of an extended outflow in nearby ULIRGs, including Mrk 231 (Rupke et al. 2005c,a; Rupke & Veilleux 2011 , 2013b , though ionized gas velocities can exceed this. For spaxels with two fitted components, spatially-averaged values of v 50% (v 98% ) are −110 and −540 km s −1 (−300 and −1000 km s −1 ). These averages are slightly larger than earlier single-aperture measurements due to the latter being luminosity-weighted. Rupke et al. (2005a) find two absorption line components in the nuclear spectrum of F05189−2524 (through a 1. 0 slit), with v 50% (v 98% ) values of −90 and −400 km s −1 (−220 and −900 km s −1 ). The high neutral gas velocities are consistent with those measured in other major mergers containing a quasar (Rupke & Veilleux 2013b) .
The emission line velocities have a strong spatial dependence. The line widths do not vary strongly across the FOV, but the values of v 50% and v 98% fall with increasing radius (Figure 11 ). The highest velocities (exceeding 1000 km s −1 ) are not detected at the edges of the FOV, but only within 1 − 2 kpc of the nucleus. Peak redshifted velocities in the emission lines are smaller than peak blueshifted velocities in the absorption lines, with v 98% reaching only 1300 km s −1 in emission (Figure 10 ). The spatial distribution of emission line v 50% and W em eq are very similar. In fact, the two are strongly correlated (Figure 12 ). In Figure 12 , the spaxels are colored according to whether or not they are adjacent to absorption lines (if Na I D absorption is not present in a spaxel) and according to the absorption line equivalent width (if Na I D absorption is present in a spaxel). It is apparent that on average, higher W abs eq corresponds to lower |W em eq | and higher emission line velocity. Furthermore, even when absorption is not formally fitted, there is a trend for spaxels with neighboring absorption line fits to have smaller |W em eq |. There are two interpretations of these correlations, both of which relate to wind structure (which is discussed further in § 4.1).
First, Figures 11 and 12 could reflect the intrinsic spatial variation of the projected emission line velocities. If the outflow is an expanding thin shell of gas, then the resonant emission emerges primarily from the far side of the outflow (the near side is dominated by Na I D absorption). The projected velocity decreases with increasing projected radius. The correlation of velocity with equivalent width in this scenario then implies that |W em eq | decreases with increasing projected radius. In Figure 11 two lines show the result of geometric projection of two thin shells, one with v = 500 km s −1 and R = 2.0 kpc and the other with v = 700 km s −1 and R = 2.5 kpc. This range of radii and velocities is consistent with the bulk of absorbing gas on the near side.
A second interpretation is that the increase of redshift with decreasing equivalent width is due to emission line filling of nearby (in wavelength space) absorption, as predicted by Prochaska et al. (2011) . In this model, the neutral gas density can vary smoothly with (actual) radius, rather than being concentrated in a thin shell. Filling of the line absorption by emission scattered into the line of sight in a given spaxel simultaneously decreases W abs eq and |W em eq |. It should also reduce I em and increase v 50% , since the line filling of a spherical wind (at least in integrated spectra) occurs preferentially near the systemic velocity ). The fact that velocity also correlates with W abs eq can be explained in this model if the emission line equivalent width is most affected when the absorption is strongest (i.e., there is more absorption to fill in).
DISCUSSION
The present data are only the second spatially-resolved detection of resonant line emission from cool gas in a galactic wind at low redshift (and the first 3D observations at any redshift). These data thus uniquely constrain current models of cool gas in galactic winds , as well as serving as a benchmark for future observations and models.
Clues to the Wind Structure from Resonant
Emission and Absorption Prochaska et al. (2011) presented the first radiative transfer models of cool gas emission and absorption in simple, spherically-symmetric galactic winds gas that extends from the nucleus out to large radii. They persuasively argued that both absorption and emission are strong in dust-free spherical winds, that the absorption lines are blueshifted and the emission lines near systemic or redshifted, and that the emission extends over the entire wind area with a relatively shallow but declining radial surface brightness profile. This is broadly consistent with our data. In particular, we observe strong, blueshifted absorption and redshifted emission, as well as emission that extends across the FOV. However, the emission is strongly suppressed in the nuclear regions.
To further explore an emission line model that fills the FOV, Figures 13 and 14 compare the emission line data to a model assuming azimuthal symmetry in the plane of the sky. The model uses a Sérsic surface brightness profile for the integrated Na I D emission, I(R) = I e e −(R/Re)
(1/n) , and is convolved with the seeing before being fit to I em and W em eq . Only points with low absorption-line contamination, to minimize emission line filling, were fit. The attenuation curve assumed was Calzetti et al. (2000) with R V = 4.85 (the curve closest to the data in Figure 8 ), though the result is not at all sensitive to R V . A best-fit model with I e = 1.8 × 10 −15 erg s −1 cm −2 arcsec −2 , R e = 2.2 kpc, and n = 1.1 reproduces the ridge of enhanced emission W of the nucleus, the general features of the equivalent width map, and the correlation of continuum colors with I em . This is similar to the R and H-band stellar surface brightness profiles, which have n = 0.8 − 1 and R e = 3.9 − 4.3 (Veilleux et al. , 2006 .
At the lowest values of I em and W em eq , including the central region where only empirical upper (lower) limits exist for I em (W em eq ) and Na I D absorption is the strongest, the model begins to deviate from the data (bottom panels of Figure 14 ). This range of W em eq also corresponds to the largest deviations of v 50% from systemic (Figure 12 ). It is likely that in these regions the emission and absorption lines are being affected by emission-line filling of the absorption lines . Besides reducing W em eq and increasing v 50% for the emission lines, this effect will also reduce W abs eq in these regions by up to 1 − 2Å, and may push the absorption line solution towards lower optical depths since the filling will preferentially affect the lower optical depth Na I D line, 5896Å. Figure 8 suggests that the latter Figure 12 for colors). The line is the best fit model to the data, which is a Sérsic profile with Re = 2.2 kpc and n = 1.1. We fit only points with emission line fits and W abs eq < 3Å to minimize contamination from emission line filling ( § 4.1 and Figure 14) . effect is small for most two component absorption line fits, but could impact the low SNR, one component fits.
However, emission line filling is not the only factor responsible for the projected radial velocity profile of the emission line gas (Figure 11 ). It is apparent that the maximum redshifts (v 98% ) in the emission lines decrease away from the nucleus (Figure 9 ), implying that projection effects are also reducing the measured velocities. This 2D view of the wind does not directly constrain whether the wind is configured as a thin shell or rather as a radially-continuous, volume-filling sphere. At face value, a radially thin shell in emission would be limbbrightened, contrary to the data, while a radially-filling wind would have the qualitative surface brightness behavior that is observed ). However, radiative transfer effects can impact the naive expectation, and intermediate cases such as a thicker shell are also plausible. Further detailed modeling is required before quantitative surface brightness profiles like that discussed here can be used to constrain the density profile of the wind.
It is evident from this analysis that resonant line emission and absorption are complementary probes of galactic outflows. The Na I D absorption in this system traces the dusty outflowing gas (A V = 1 − 4, N (H) ∼ 10 21−22 ) that happens to lie along the line of sight to the galaxy nucleus and its stellar disk. The Na I D emission, conversely, is almost invisible along these same lines of sight because of dust obscuration. Along unobscured lines of sight, emission provides a view of the rest of the wind. This latter view is complicated by radiative transfer effects which lower the measured velocity if the wind is volume-filling rather than configured as a shell .
The presence of Na I D emission across the field of view suggests a wind that is more extended than one would infer from Na I D absorption alone (and vice versa, since the two peak in strength in very different places). Absorption line probes show that the neutral phase of the outflows can extend to 10 kpc or farther in ULIRGs (Martin 2006) . The wind in this system extends to at least the edge of the FOV (4 kpc), and is apparently optically thick to these radii in integrated line emission ( § 2). Deep long-slit observations may constrain the point at which the wind becomes optically thin, and thus the true size of the wind. This probe will be more sensitive to the true extent than absorption lines, since no background continuum is required and the equivalent width is increasing with increasing radius (Figure 5 ). The two high-z examples also show a more extended outflow in emission than absorption Martin et al. 2013) .
Spatially-resolved studies of neutral, ionized, and molecular gas outflows in ULIRGs reveal that the gas preferentially emerges along the minor axis of the nuclear disk at radii of 1 − 2 kpc, but becomes less collimated at larger radii (Rupke et al. 2005c; Rupke & Veilleux 2013b,a) . In particular, if an observer could choose a random line of sight through a given wind, they would detect an outflow ∼80% of the time (Rupke et al. 2005c ). There is no published information on the orientation of a nuclear disk in F05189−2524. The orientation of Na I D absorption suggests that the minor axis could lie along a SE-to-NW line, but this inference is very uncertain. If the surface brightness model is correct, the Na I D emission traces the less collimated part of the wind where it is detected (at scales 0.5 kpc).
These results also show that foreground dust is one of the primary drivers of the observed morphology of Na I D emission and absorption in this galaxy. Na atoms ionize easily (the first ionization potential is 5.1 eV), so the spatial correspondence between absorbing Na atoms and dust is natural, since dust can shield the atoms from ionizing radiation. The observed peak in Na I D flux (Figure 5) is deceptive, in that it more closely reflects the foreground screen than the actual distribution of emission line gas (which in the model is azimuthally symmetric).
Are the regions of Na I D emission also as dusty as the region of absorption? The need for shielding of the Na I D atoms imply the presence of some dust. Would hypothetical lines of sight intersecting the wind from other directions also encounter foreground absorption? The statistical arguments from nuclear lines of sight (Rupke et al. 2005c ) would suggest so. However, it is difficult to definitively answer these questions using the present data without more detailed radiative transfer modeling. The detected absorption can be reasonably well modeled by a foreground screen ( § 3.1), but the emission may arise from a volume-filling element that must be integrated along the line of sight and will be affected by scattering processes. Comparison between observed emission line surface brightnesses, equivalent widths, and continuum colors (top row) and those predicted by the dust-extincted model (middle row). The bottom row quantitatively compares the observed and model values for I em and W em eq . The best fit model is a Sérsic profile with n = 1.1, Ie = 1.8 × 10 −15 erg s −1 cm −2 arcsec −2 , and a scale length Re = 2.2 kpc. This profile is extincted by a foreground screen whose magnitude is inferred from the stellar continuum colors and convolved with the seeing. There is excellent overall correspondence between the two (bottom row) except at the lowest values of I em and W em eq (bottom right). At these levels, the spaxels are primarily in the inner kpc in regions of strong absorption and no emission line fit; these spaxels are represented in the above plots by empirical estimates and upper limits. Some emission line filling of the absorption lines, which reduces both I em and W em eq , may explain the discrepancy ( § 4.1).
4.2.
Detection of Extended Na I D Emission As is evident from many long-slit studies (Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005b Martin 2005) , high surface brightness resonant line emission is not a common feature of galactic winds in nearby galaxies. Prochaska et al. (2011) list dust, wind asymmetry, and emissionline filling of absorption lines as possible physical causes of these non-detections. Na I D line emission is in fact present at low levels in stacked spectra of face-on galaxies with low dust attenuation (Chen et al. 2010) , suggesting that both dust and asymmetry could indeed play a role in affecting detectability of Na I D emission. At high z, Kornei et al. (2013) found that A U V is at least partly responsible for the varying strength of Mg II absorption and Fe II * emission in galactic winds. The equivalent width and/or detection rate of Mg II emission in high z star forming galaxies is also higher in galaxies with bluer UV colors (Weiner et al. 2009; Erb et al. 2012; Kornei et al. 2013) .
The current data show that dust is pivotal in shaping the morphologies of both Na I D absorption and emission. However, it does not obviously affect the detectability of Na I D emission. The A V values in F05189−2524 are typical for a ULIRG (Surace et al. 1998; Veilleux et al. 1999a ). The highest emission line flux is indeed in the region of lowest extinction and absent in the regions of highest extinction, but is detectable throughout the FOV, up to 4 kpc from the galaxy nucleus. As for asymmetry, the 3D structure of the outflow in F05189−2524 is not constrained beyond the surface brightness emission model, but the data do not point to any unusual asymmetry that would affect the resonant lines differently than in other systems.
The two high z galaxies with extended Mg II emission have not only blue UV colors, but also high restframe blue luminosity compared to similar galaxies Martin et al. 2013) . A necessary physical condition for strong resonant lines is enough continuum emission at the same wavelength as the transition to excite the atoms out of the ground state. Higher R-band luminosity could thus in principle strengthen Na I D emission.
In fact, within a nuclear aperture of 4 kpc, F05189−2524 has M R,4kpc = −20.44, which is brighter than 90% of ULIRGs in the 1 Jy sample . Furthermore, most of the galaxies that are brighter than F05189−2524 are Seyfert 1s, in which the light is concentrated in an unresolved point source and possibly beamed preferentially along the line of sight to Earth. Excluding the Seyfert 1s in the parent sample of ULIRGs, F05189−2524 is brighter than 95% of the parent sample at R, within a 4 kpc nuclear aperture. Of the five non-Seyfert-1 ULIRGs that have lower M R,4kpc than F05189−2524, four have been previously observed with long-slit spectra (Rupke et al. 2005b,c,a) and one (Mrk 273) also with IFS (Rupke & Veilleux 2013b) . None show obvious Na I D emission.
This suggests that the nuclear R-band luminosity of F05189−2524 is responsible for the detection of extended Na I D emission, though it may not in fact be a sufficient condition for its detection. However, deeper IFS observations of other dusty, R-luminous systems will be necessary to confirm this. In long-slit observations, slit loss could be also a factor if the line emission is spatially extended at a low surface brightness , though that is clearly not a factor in the current data or in other IFS studies of Na I D (Rupke & Veilleux 2013b) . Nonetheless, it could be responsible for the lack of observed Na I D emission in long slit data (Rupke et al. 2005b,c,a; Martin 2005) . Furthermore, purely nuclear spectra in these dusty systems are less likely to show Na I D emission, since the nucleus is typically the most heavily obscured part of the galaxy and will be dominated by absorption rather than emission.
Several other nearby galaxies show resonant emission from metal lines, but there is presently nothing to distinguish their luminosities. NGC 1808 is fainter at R (in terms of integrated brightness) than other nearby AGN (Koss et al. 2011) , with R ∼ −21 (NED). In a near-UV study of five z ∼ 0.25 ULIRGs, Martin & Bouché (2009) find Mg II emission in two Seyfert 2s, but in neither case is this emission extended. The relevant continuum luminosity for this transition at these redshifts is observed-frame U -band. No U measurements exist for this sample, though integrated U -band luminosities in nearby ULIRGs do not reveal significant differences between Seyfert 2s and non-Seyfert spectral types (Surace & Sanders 2000) .
Should Na I D emission be detectable outside the GMOS FOV? The emission line model for F05189−2524 has an exponential scale length of 2.2 kpc, and spaxels near the field edge (at 1 − 2 scale lengths) still have Prochaska et al. (2011) predict that line emission extends to a radius where the optical depth still exceeds a few tenths, while the Na I D line emission in the GMOS FOV is optically thick. Furthermore, if the wind is isotropic, the total absorption line and emission line equivalent widths of an integrated spectrum should be equal . However, summing the GMOS spectra across the FOV yields W abs eq = 3.1Å and W em eq = −0.7Å. If the wind in F05189−2524 is fairly isotropic, a significant amount of emission (in terms of equivalent width) lies outside the GMOS FOV. A deep long-slit spectrum or narrow-band image should be able to constrain the extent of the Na I D emission in this system. How would F05189−2524 look at a greater distance? Almost all observations of resonant line emission have been made at z 0.5 with rest-frame UV lines. At these redshifts, Na I D is found in the observed-frame near-infrared, a wavelength range in which sensitive absorption line measurements of individual objects are presently difficult. However, at a redshift of z = 0.3 a 1. 0 slit covers the GMOS FOV. Summing the GMOS spectra across the FOV in the present data shows that emission is detected with W em eq = −0.7Å and I em = 1.0 × 10 −15 erg s −1 cm −2 arcsec −2 . Cosmological surface brightness dimming at z ∼ 0.3 only amounts to a factor of three. If the F05189−2524 wind were less obscured along our line of sight and the proposed model is correct, its surface brightness could increase by up to a factor of ten (though clearly some dust is needed to shield the neutral Na atoms). With the current generation of red-sensitive CCDs, Na I D emission from galactic winds may therefore be detectable in individual galaxies at z ∼ 0 − 0.5.
SUMMARY
We present the second example of resolved Na I D emission from a galactic wind in the nearby universe. The GMOS IFU follows Na I D absorption and emission across a 4 × 4 kpc aperture in a nearby ULIRG hosting a quasar. These resolved observations provide unique constraints on models and future observations of resonant line emission in galactic winds.
The Na I D absorption lines trace the dusty near side of the wind. F05189−2524 shows the highest velocity kpcscale neutral gas outflow to be directly resolved in any nearby galaxy, with blueshifted velocities up to almost −2000 km s −1 . The present IFS data directly connect the absorption in the outflow with the foreground dust column obscuring the stellar continuum. Fits to the absorption lines with low covering factors yield optically thick absorption with N (H) ∼ 10 21−22 cm −2 . The column density is correlated with the dust column in a way that matches the column density expected if the wind has a Galactic dust-to-gas ratio.
The optically thick Na I D emission lines extend to the edges of the FOV, but are extincted in the inner regions of the galaxy. An azimuthally symmetric Sérsic model, with the emission extincted by the same foreground screen as the stellar continuum, reproduces the observed emission line surface brightness and equivalent width maps at all but the lowest values of I em and |W em eq |. At these levels, which correspond to the inner regions of the wind nearest the regions of Na I D absorption, emission line filling of the Na I D absorption lines near the systemic velocity is a likely culprit, as suggested by correlations of W em eq with emission line velocity and W abs eq . The morphology of the resonant line absorption and emission in this galaxy are clearly regulated by the presence of dust. Furthermore, the detection of extended Na I D emission in this system in particular may be due to its unusually high continuum surface brightness at the rest wavelength of the resonant transition, similar to galaxies with extended Mg II emission observed in the rest-frame UV at high z Martin et al. 2013) . Future observations of Na I D in other nearby or low redshift systems (z ∼ 0−0.5) with high rest-frame Rband surface brightness may be able to detect extended Na I D emission due to galactic winds.
This unique dataset shows that Na I D absorption and emission are very complementary probes of wind structure. W abs eq and W em eq are anti-correlated on a spaxel-byspaxel basis, and the I em and W abs eq peaks are on opposite sides of the nucleus. The absorption lines trace the near side of the wind along the line of sight to Earth, while the emission lines trace the bulk of the interior and far side of the wind through radiative transfer . Together, they form a picture of a dusty, wide angle wind that extends to at least several kpc from the nucleus in most directions. This picture is consistent with previous work on galactic winds in major mergers (Rupke et al. 2005c; Martin 2006; Rupke & Veilleux 2013b) .
